Background
Necrotizing Enterocolitis (NEC) is one of the most common acute gastrointestinal and abdominal emergencies in neonates. As many as 1-5% of neonates, admitted to neonatal ICUs are affected by this disease and 10% of neonates with birth weight lower than 1500 g may present signs and symptoms attributable to such a disease [1] . Its incidence rate has a reverse correlation with gestational age at birth [2, 3] . Neonates with gestational age of less than 28 weeks and very low birth weight (especially less than 1000 g) are more prone to this disease [4] . However, 10% of the patients with NEC are term neonates [5] . Risk factors of the disease in term neonates include: congenital heart diseases, prenatal asphyxia, patent ductus arteriosus (PDA) and indomethacin therapy [6] . Although NEC usually occurs during the first 2 weeks of birth, it can be delayed for 3 weeks or later in very premature neonates [7] .
Due to non-specific clinical signs and symptoms which resemble neonatal sepsis in many cases, diagnosis of the NEC is very difficult. Although the pathogenesis of NEC is not definitely known, several factors including intestinal trauma and damage caused by sepsis and intestinal ischemia along with colonization of various bacteria can initate and induce the disease [8] . There is a significantly 
O R I G I N A L A R T I C L E
high incidence rate of NEC (up to50%) in neonates with sepsis or septic shock, who are admitted to neonatal ICUs [9] .
Early diagnosis and management of NEC is critical and life-saving, because bowel perforations occur in 12-31% of patients with delayed treatment. The mortality rate of this disease varies from 20% to 40% [1] . The most important radiologic findings of plain abdominal radiography to confirm diagnosis of NEC are pneumatosis intestinalis (air in the bowel wall) and pneumoperitoneum (intra-abdominal free air) [10] .
Currently, modified Bell's staging criteria (a combination of clinical signs and symptoms, laboratory findings, and plain abdominal X-ray) are used as the diagnostic criteria [11] .
Bowel ultrasonography provides an oportunity for evaluating bowel dynamics as well as free intra-abdominal fluid. Many studies have emphasized on higher diagnostic accuracy of gray-scale and Doppler ultrasonography over plain abdominal radiography for detection of some bowel wall changes, especially those which occurred in bowel wall thickness, echogenicity, and perfusion as well as portal venous gas and focal or free intra-abdominal fluid [10, [12] [13] [14] [15] [16] [17] [18] .
In this study, we aimed to evaluate the abdominal and bowel wall (bowel wall thickness, echogenicity, and perfusion) ultrasonographically in premature infants with no definitely diagnosed NEC who were only suspected to have the disease (Stage IA and IB). We aimed to determine whether any significant changes in the mentioned ultrasonographic variables could be observed in such patients in comparison with the control group.
Material and Methods
This case-control study was carried out between June 2012 and April 2013. We enrolled 67 premature neonates (with gestational age of <37 weeks) who were admitted to neonatal intensive care units (NICUs) of Hazrat-eZeynab, Hafez, and Namazee hospitals affiliated to Shiraz University of Medical Sciences, Shiraz, Iran.
The participants were recruited using the simple-sampling method. Initially, the neonates were classified into study and control groups and inclusion criteria were specified for each group. The sample size was calculated to be 33 neonates in each group by the statistician who observed the study.
The control group consisted of 33 premature neonates (19 boys and 14 girls) with a mean gestational age of 30.315 weeks (range: 26-35 weeks) who had no clinical, laboratory, or radiological evidence of NEC (as defined by the modified Bell's staging criteria), or any acute systemic, congenital or acquired gastrointestinal disease (such as bowel and abdominal wall defects). Clinical examinations by a neonatologist accompanied by paraclinical evidence confirmed that group's suitable clinical condition and the stability of the neonates' vital signs.
A total of 34 premature neonates (22 boys and 12 girls) with a mean gestational age of 30.029 weeks (ranging from 24 to 35 weeks) were enrolled in the study group. They were in stage I of NEC (suspected to NEC) based on the modified Bell's staging criteria and the diagnosis of a neonatalogist. The modified Bell's staging criteria are a diagnostic tool which provides the possibility to diagnose NEC using a combination of clinical signs and sympoms, paraclinical findings, and radiological evidence [11] . They had no radiological, clinical or laboratory evidence of definite NEC including pneumatosis intestinalis (air in the bowel wall) and pneumoperitoneum (intra-abdominal free air), portal venous gas, absence of bowel sounds, thrombocytopenia, neutropenia, metabolic acidosis, or disseminated intravascular coagulation (DIC) to confirm definite diagnosis of the disease.
Enclusion criteria were the presence of the mentioned laboratory or radiological findings in the neonates or the absence of bowel sounds after being examined by a neonatalogist. Patients with congenital abnormalities of abdominal or bowel wall, presence of excessive intestinal gas, or hemodynamic instability, were excluded from the study as well.
Initially, all the neonates were examined clinically by a neonatalogist and those with temperature instability, lethargy, apnea, bradycardia, abdominal distention, nausea and vomiting, gastric retention, heme-positive stool, and food intolerance were considered as "suspected" to NEC and underwent plain abdominal radiography. The films were examined by a radiologist accurately and comprehensively. The considered radiographic findings included: pneumatosis intestinalis, pneumoperitoneum, and ascites. When establishing that the evaluated neonates who were suspected to have NEC lacked aforementioned radiological findings, we enrolled them in the study group as the patients suspected to have stage I of the disease and they underwent further ultrasonographic assessments.
Demographic characteristics and the laboratory evidence as well as clinical and ultrasonographic findings of all neonates (n=67) were recorded separately in special data collection forms. Ultrasonographic assessments were carried out in the neonates after obtaining informed consent from their parents and informing them about assessment processes as well as aims and methods of performing abdominal ultrasonography.
All patients underwent plain abdominal radiography in a supine position with an anteroposterior direction of the X-ray beam. The films were examined by a radiologist who was experienced in pediatric radiology. The radiographic images were evaluated to detect the presence of pneumatosis intestinalis, pneumoperitoneum, portal venous gas, and ascites.
Both the gray-scale and color Doppler sonography were performed in control and study groups by a senior radiology resident under supervision of a radiologist who was experienced in pediatric ultrasonography. A Mindray M7 Sonography System (Shenzhen Mindray Bio-Medical Electronics) was used for sonographic scans and abdominal Original Articlesonography was performed in 4 quadrants of the abdomen, using 3.5-MHz curvilinear (C5-2s) and 8.25-MHz phasedarray (P12-4s) probes. The examined variables included: bowel wall thickness, echogenicity and perfusion, portal venous gas, and intra-abdominal free fluid (echoic or non-echoic). If any free fluid is observed in the abdominal cavity, its nature should be examined (free fluid, free fluid with internal echoes, localized accumulation of fluid). Bowel wall thickness between 1 and 3 millimeters was considered normal. Values less than 1 mm or more than 3 mm were considered as thinning or thickening of the bowel wall, respectively. Bowel wall echogenicity was considered normal when homogeneous hypoechoic halo was seen, surrounding intra-luminal gas. Bowel wall perfusion was measured by counting the number of colored dots or lines in 1 cm 2 ofa scanned bowel wall. Measurements were performed in all four quadrants of the abdominal cavity. Based on the previous studies, 1 to 9 colored dots or lines/cm 2 were considered normal. The presence of specific color Doppler patterns, including a complete ring of color, Y-shaped pattern or Zebra pattern, were indicative of increased bowel wall perfusion (Figures 1-3 ). The lack of color Doppler signals was considered as bowel wall necrosis.
A sample size of 33 patients was calculated for each group (a=40%, 85%, and 0.05, power: 0.09) based on the results of similar studies. SPSS software version 15 was used for statistical analysis. Kolmogorov-Smirnov Test (K.S.Test) was applied to confirm a normal value of quantitative variables. Quantitative variables were compared between the study and control groups, using parametric tests (t-test). Then, the results were presented as Mean ± standard deviation (SD) and P value with 95% confidence interval (CI). Comparison of categorical variables was performed between both groups using Chi-square and Fisher's exact tests, and the results were presented as frequency, percentage and P value.
Results
A total of 67 pre-term neonates were included in the study; 34 in the study and 33 in the control group. A total of 22 (64.7%) neonates in the study group and 19 (57.6%) in the control group were male. Twelve (35.3%) and 14 (42.4%) neonates in the the study and in the control groups were female, respectively. The mean ±SD gestational ages of the neonates in the study and control groups were 30.029±2.491 and 30.315±2.467 weeks, respectively (P=0.638).
There was no significant difference between the two groups regarding the sex ratio (P=0.549). The mean ±SD birth weights of the neonates in the study and control groups were 1176.746±99.139 and 1216.969±115.284 grams, respectively (P=0.130).
Of the total 34 neonates in the study group, 32 (94%) were considered to be at stage IA, and 2 neonates (6%) at stage IB of the disease (Stage IB: grossly bloody stool). Mean bowel wall thickness ranged from 1.2 to 3.2 mm (1.609±0.303 mm) in the control group (total of 132 abdominal quadrants) and from 1 to 3.3 mm (1.672±0.437 mm) in the study group (total of 136 abdominal quadrants) ( Table 1) .
On the other hand, the numbers of neonates with increased bowel wall thickness (<3 mm) and the number of quadrants with evidence of increased bowel wall thickness were compared between the two groups as a categorical variable, using Fisher's exact test. Although thickened bowel wall in the neonates of the study group was three times more frequent, the statistical difference was not significant (P=0.613) (Tables 2 and 3, Figure 4 ).
Bowel wall echogenicity was examined in 136 abdominal quadrants in the study group and 132 quadrants in the control group. Fisher's exact test was also used for comparing two groups. All of the neonates in the control group had normal bowel wall echogenicity and no echogenic dots were observed in their bowel wall. In 1 neonate (2 quadrants of 136 scanned quadrants) in the study group who was at stage IB of the disease (1.47% of total examined quadrants), bowel wall echogenicity was increased due to the presence of echogenic dots which were indicative of intra-mural air (pneumatosis intestinalis) and increased the disease stage to IIA ( Figure 5 ). Although the presence of pneumatosis intestinalis in the bowel wall was confirmed by observing echogenic dots, the difference in the bowel wall echogenicity between the two groups was not statistically significant (P=0.999).
Neither the control group nor the study group had radiological or sonographical evidence of portal venous gas.
Bowel wall perfusion was also examined in 136 abdominal quadrants in the study group, and 132 quadrants in the control group. Color Doppler signals were 3.12 dots or lines/cm 2 (ranging from 1 to 7 dots or lines/cm 2 ) in the study group, and 2.88 dots or lines/cm 2 (ranging from 1 to 5 dots or lines/cm 2 ) in the control group ( Figure 6 ). Neither specific patterns including the ring pattern, Y-shaped pattern or Zebra pattern which were indicative of increased blood pressure, nor the lack of color Doppler signals which were indicative of bowel wall necrosis were obsereved in the groups (Figures 1-3 ). The mean ±SD bowel wall perfusion in the study and control grups was 3.117±0.975 and 2.878±0.538 dots or lines/cm 2 , respectiely (P=0.218).
Varying amounts of intra-abdominal free fluid were seen in 17 neonates (50%) in the study group according to ultrasonographic estimation. Of those, 13 had minimal amounts of free fluid and 4 had mild amounts. Only in one neonate of the study group, who was at the IB stage of the disease, some internal echoes were seen within the mild amount of free fluid. Twelve neonates in the control group had also minimal amounts of intra-abdominal free fluid (Table 4 ).
Since the modified Bell's staging criteria and consequently plain abdominal radiography were not able to make a definite diagnosis of stage I NEC, determining the ultrasonographic sensitivity and specificity was impossible.
Discussion
This study was a descriptive-analytical one which was performed in a case-control design. The composition and schema of the study group distinguishes this study from the vast majority of case-control studies performed in this field. In most of the mentioned studies, except for the first study of Kim et al.
[11], the study group included patients at different satges of NEC (stage IA to IIIB). The ultrasonographic features of such patients, who revealed a different spectrum of pathophysiological and subsequently also ultrasonographic changes, were compared with the control group as a single set [10, [13] [14] [15] [16] [17] [18] .
In our study, of the total neonates recruited in the study group, two (6%) were at stage IB of NEC while the others (94%) were at satge IA, according to the modified Bell's staging criteria. Stage I is the primary stage of the disease in which the occurred pathophysiological, clinical, and radiological changes are mostly minor and non-specific.
On the other hand, many studies have emphasized the superiority of abdominal ultrasonography over plain Table 4 . Frequency of ultrasonographic findings in the study and control groups.
* 3 newborns had mild amount of free fluid and minimal amounts of fluid were seen in 12 others; ** bowel wall thickness in one of the patients with stage IB of NEC was 1 mm; *** based on this finding, the patient was reclassified to stage IIA.
abdominal radiography in the diagnosis of complications such as bowel wall thickness, bowel necrosis, echoic free fluid (EFF), focal fluid collections, and portal venous gas (PVG) [10, [13] [14] [15] [16] [17] [18] . Such complications could only be observed in higher stages of NEC, as visualization of these symptoms at early stages (stage I) is very unlikely and rare. We only investigated the early changes caused by NEC at its early stage (stage I). The occurred changes in the studied variables, due to the minority and mildness of the underlying pathophysiological changes at stage I in comparison with higher stages, should logically be small and often intangible at this stage. However, because early treatment can significantly reduce the morbidity and mortality of the disease, any proof of the superiority of ultrasonography in detecting even small changes in the studied variables could potentially accelerate the process of diagnosis, and ultimately, the treatment.
While radiography can only show evidence of bowel dilatation at stages IA and IB of NEC, it can neither provide any information about bowel dynamics, bowel wall thickness, echogenicity and perfusion or bowel peristalsis, nor can it diagnose minimal amounts of abdominal free fluid and its nature. However, in comparison with radiography, abdominal ultrasonography can provide valuable data about each variable and reveal the last changes in them. Moreover, no exposure to ionizing radiation is one of the most important advantages of this technique over radiography. In the process of diagnosing NEC, most of the neonates repeatedly undergo plain abdominal radiography for detection of pneumatosis intestinalis, and inevitably they receive higher radiation doses gradually. However, performing ulthrasonography does not involve the use of ionizing radiation for neonates. Secondly, in NEC patients, as a result of their poor nutritional condition, subcutaneous and intra-abdominal fat, which is an attenuating factor of sound waves, is diminished, and so it provides clearer images with higher quality. Besides, portable ultrasonography machines which meet the highest technological standards in this area can be easily used at the patients' bedside in every condition.
However, no significant statistical difference was observed between the study and control groups regarding the increased mean value of bowel wall thickness and perfusion, and the small existing difference indicated that ulthrasonography was able to detect small changes in the values of this variable. Ultrasonographic monitoring and follow-up could help specify changes in the course of the disease quickly. Previous studies also endorsed this fact and emphasized the superiority of ultrasonography over plain abdominal radiography in this field [10, [12] [13] [14] [15] [16] [17] [18] .
Plain abdominal radiography is unable to detect pneumatosis intestinalis in patients with stage I of NEC. However, visualization of echogenic dots in the walls, even in one patient, improved the diagnostic stage -from stage I to IIA. This fact reveals the superiority of ulthrasonography in detecting this key finding in the diagnostics of this disease despite the lack of a significant difference between the two groups in terms of bowel wall echogenicity. Other studies also endorsed this fact [10, [12] [13] [14] [15] [16] [17] [18] . In one study, it was determined that observation of echogenic dots or dense granular echogenicities in sonographic scans of the bowel wall can be helpful for early diagnosis of NEC [12] . The results of one study showed that an adverse outcome was associated with the sonographic findings of free gas, focal fluid collections, or three or more of the following: increased bowel wall echogenicity, absent bowel perfusion, portal venous gas, bowel wall thinning, bowel wall thickening, free fluid with echoes and intramural gas. Therefore, ultrasonographic findings are useful in predicting the outcome and therefore might help guide the management due to the ability to diagnose changes [13] .
Although mean bowel wall perfusion in the study group was only slightly higher than in the control group, it is obvious that NEC causes some changes in bowel wall perfusion and color Doppler patterns, which become more evident as the disease progresses. Other studies proved this fact too [10, [12] [13] [14] [15] [16] [17] [18] .
In our study, none of the patients had portal venous gas. Also the results from other studies indicated that visualization of portal venous gas in early stages of NEC is very unlikely and rare [10, [12] [13] [14] [15] [16] [17] [18] .
Another advantage of ulthrasonography over plain abdominal radiography is its ability to detect small amounts of intra-abdominal free fluid and determine its nature. Radiography revealed no evidence of intra-abdominal free fluid in any of the patients enrolled in this study, while ultrasonography showed varying amounts of intra-abdominal free fluid (minimal to mild) in 29 (43.28%) of the total 67 studied neonates. While the presence of very small amounts (minimal) of "intra-abdominal free fluid" could be considered as a normal finding, their relatively significantly higher values in the study group (50%) than in the control group (36.36%) were indicatative of higher probability of visualization of that fluid in such a group. This fact can be justified with respect to the existence of inflammatory processes in the bowel and abdominal cavity of the neonates.
Echogenic debris within intra-abdominal free fluid results from the presence of inflammatory or necrotic tissue and cellular components, entering of the intestinal contents into the abdominal cavity, and intra-abdominal bleeding. It is another feature and advantage of ultrasonography in patients suffering from NEC, which can be helpful in predicting both the incidence of intestinal ischemia and necrosis, and other complications associated with such a disease, including bowel perforation. The presence of free fluid containing echogenic debris in one of the patients who was at stage IB of NEC, as well as echogenic dots in his bowel walls (indicative of pneumatosis intestinalis) shows that the neonates were affected by ischemia and necrosis ( Figure 7) . Moreover, the observed changes in the nature of the secondary free fluid led to the occurance of such processes and improved the disease stage to stage IIA. The results of one study suggested that portal venous gas (PVG) was merely used for diagnosing NEC in neonates with suspected or definitely diagnosed NEC. Moreover, the sensitivity and specificity of ultrasonography were estimated at 45% and 86%, respectively for diagnosing the PVG stage of ³II. Therefore, high specificity is suggested as a helpful evaluation method for diagnosis of NEC [15] .
This study had several limitations. The significant decline in the number of patients with NEC in recent years due to the improvements in prenatal and postpartum care and promotion of breastfeeding made the performance of a larger study impossible in the desired timeframe. It is obvious that performing broader studies will be followed by acquiring more accurate quantitative and qualitative information. Due to the fact that our study was merely limited to the patients with suspected stages IA and IB of NEC, and that the mentioned evaluations were impossible in those with a definitely diagnosed disease who revealed quite significant ultrasonographic changes in the mentioned properties in comparison with a normal population, differences between study and control groups were not statistically Figure 7 . Sonogram of a 27-week old boy suspected to NEC. A dilated bowel loop with increased bowel wall echogenicity (white arrow) is seen, indicative of intra-mural air. Echoic free fluid also is seen adjacent to affected bowel loop (black arrow).
significant despite the records of various values of such variables.
Despite the existence of all the mentioned limitations, there are numerous advantages of ultrasonography over plain abdominal radiography. The most important merits of this technique are no exposure to ionizing radiation, no limitation on frequent use, availability, possibility of using at patient's bedside in different clinical conditions, possibility of evaluating indices of bowel dynamics, bowel wall thickness, echogenicity, pneumatosis intestinalis, the rate of bowel wall perfusion, ability of diagnosing various amounts of intra-abdominal free fluid, determining the nature and estimating the amount of liquid. Therefore, using abdominal ultrasonography (both gray-scale and color Doppler) can improve the process of diagnosis and treatment of NEC.
Conclusions
Various differences were observed between the study and control groups with respect to bowel wall thickness, echogenicity, and perfusion in sonograhy and color Doppler evaluation of the cases suspected to early stages of NEC. Although those differences were not statistically significant, and relatively equal accuracy was observed between sonography and radiography, considering different findings in these two methods and ability of sonography to detect early changes and the fact that serial abdominal X-rays are time-consuming, the use of sonograhy and color Doppler as a triage method in detecting early stages of NEC can improve the process of diagnosis and treatment of NEC.
